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SUMMARY

Tests were made on three circular-arc-fuselsge and nine unswept-
vertical-tall models in order to investigate interference effects between
fuselages and vertical talls in sideslip. The mutual interference
effects, and thus the effectiveness of the vertical tail in producing
directionael stability, appear to be mainly dependent upon the ratio of
the vertical-tall span to the fuselage diameter at the position of the
vertical tall and upon the verticgl-tail aspect ratioc and to be relatlvely
independent of the fuselage fineness ratlo. The increase in vertical-
tail effectiveness is largest for small values of the ratio of the
vertical-tall span to the fuselage diameter and decreases as this ratio
increases; in general, the effectiveness increases with lncrease in the
vertical-tail aspect ratio. The magnitude of the induced loading on the
fuselage 1s comparable to the magnitude of the corresponding induced
loading on the vertical tall. The interference effects of the vertical
tail and the fuselage on one another may result in a tall effectiveness
of the tail-fuselasge combinastion which is different from that of the
teail alone, the difference being an increase of 0 to 100 percent of the
tail-alone effectiveness for the configurations tested. The vertical
center-of-pressure calculstions indicate thst, as the span-to-diameter
ratio decreases, the fuselage loading becomes proportionaslly more impor-
tant and the center of pressure moves downward toward the tall root or
the fuselage center line. The longitudinal center of pressure is in the
vicinity of the tail quarter-chord line.

Some theoretical calculations of the interference effect of a cylin-
drical body on adjacent lifting surfaces gave good agreement with the
corresponding measured values for the vertical-tail plan forms considered.

INTRODUCTION

Analyses of present-day alirplanes have indicated that interference
effects between component parts of alrplanes have a significant influence
on aircraft loads and stability derivatives. This influence is found to
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be important in the case of mutual interference between the fuselage and .
the vertical tail. A number of experimental investigations have been R
made to determine the effects of various fuselage, vertical-tail, and
horizontal-tail combinations on complete-model characteristics (for
instance, refs. 1 to 4). Little information is avallsble, however, which
gives an indication of the relative loading on the component parts or of
the mutual interference between the parts, as affected by fuselage and
vertical-tail geometric characteristics.

The purpose of the present investigation is to determine the mutual ~
interference effects between the fuselage and the vertical tail by meas-
uring the forces and moments on the model components separately and in
combination and then finding the differences. The models used in the
investigation consisted of fuselage and vertical-tail components only.
Some theoretical calculations alsoc were made to determine the interference
effect of a cylindrical body on adjacent lifting surfaces and the results
are compared with the experimental data.

SYMBOLS AND COEFFICIENTS

Positive directions of forces, moments, and angles are shown in

figure 1. The symbols and coefficients used herein are defined as s
follows: '
o angle of attack, deg
A aspect ratio : : o -
B angle of sideslip, deg
by tail span, ft
by assumed wing span, ft
c chord, ft
D fuselage diameter, diameter of fuselage at position of
vertical-tall quarter-chord line, ft -
1t tail length, horizontal distance from center of gravity of
model to tell quarter-chord line, f%
Tte by Onp

effective tail-length parameter, oo E§—
W vig

q dynamic pressure, 1b/sq ft
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S¢ vertical-tall area, sq £t
Sy assumed wing area, sq ft
Z vertical distance, measured from intersection of vertical-tail

gquarter-chord line and fuselage surface, ft

L rolling moment, f£t-1b
N yawing moment, ft-1b
Y lsteral force, 1b
Cq rolling-moment coefficient, L
aSgby
Cn yawing-moment coefficient, N
qStbt
Cy lateral-force coefficient, aé—
t
_ %
lg OB
6, -2
B 3
_ 9y
YB - BB
Subscripts:
t isolated vertical-tail contribution
avi contribution due to interference effect of fuselage on
vertical tail
JAY) contribution due to interference effect of wvertical tall on

fuselage

APPARATUS AND TESTS

The models used in this investigation consisted of three mahogany
circular-arc fuselages and nine mshogeny vertical teils. Sketches of
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the vertical tails and fuselages are given in figure 2 and geometric
characteristics of the tails are given in table I. The vertical tails
had zero sweep of the quarter-chord line, a taper ratio of 0.6, and

NACA 65A008 profiles in sections perpendlcular to the quarter-chord line.
The three fuselages had circular cross sections end fineness ratios of
10.0, 6.67, and 5.0. The maximum thickness was the same for all three
fuselages. The fuselages and vertical tails are designated as indicated
in figure 2.

The vertical tails were attached to the fuselages through a strain-
gage errangement which allowed the lateral force. and root bending moment
of the tall to be measured independently of the measurements on the
complete model (i.e., fuselage plus vertical tail). Figure 3 is a photo-
graph of a vertical tail attached to a strain gage. Figure U4 is g photo-
graph of a complete configuration mounted on the support strut. Each
fuselage had one mounting position for the vertical tails such that the
trailing edges of the talls with the largest chords extended to the
trailing edge of the fuselage. Fuselage F3 had only one mounting

position, but fuselsages F, and F, each had two mounting positions,

one as described and another at & more forward position at which the
fuselage diameter was the same as the fuselage diameter at the mounting
position on fuselage Fj (see fig. 2(Db)).

Sideslip tests to determine the lateral force on the isolated verti-
cal tails were made with an arrangement which was designed to give what
was considered to be a minimum of interference from the supporting
members. The strain gage was mounted on a metal bar which extended well
forward of the support strut, end the vertical taills were connected to
the gages by another bar attached to approximately the midspan of the
vertical tall. The arrangement is shown in the photograph presented ss

figure 5.

Tests were made through a sideslip-angle range of +10° for the
fuselages alone and for each vertical tail at all the fuselage positions,
-and balaence-system measurements were made of the lateral force, rolling
moment, and yawing moment. Although this investigation did not undertake
a thorough study of the effects of angle of attack, results for both
a =0° and o = 10° are presented to give some indication of the effects
of angle of attack.

All tests were made in the 6-foot-diameter rolling-flow test section
of the Langley stablility tunnel. The tests were made at a dynamic pres-
sure of 40 pounds per square foot, corresponding to a Reynolds number

range of 3.90 X 10° to 7.78 x 10? based on the aversge tail chord.
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Jet-boundary corrections were not applied to the dats because the
corrections were found to be negligible. Also, no corrections were
applied for effects of tunnel blockage or support-strut interference.

PRESENTATION OF RESUITS

The stability-derivative data obtained in this investigstion, con-
sisting of results obtained from the strain-gage measurements and the
balance-system measurements, are presented in tables IY and ITI. The
derivatives were obtained from the slopes of falred curves drawn through
the experimental-data plots of the forces and moments against the angle
of sideslip. The slopes were taken at B = 09 and were in most cases
linear through a range of sideslip angle of approximately +8°. In
table IT and in the discussion, the derivatives are based on the individual
tall dimensions for convenience in making comparisons. TFor the balance-
system results presented in teble IIT, the derivatives were based on a
constant assumed wing area of 2.25 square feet and a span of 3.0 feet in
order to give an indication of the relstive magnitude of the results
obtained. The moment results from the strain-gage tests are not presented
in table .IT but are used in the discussion to determine the vertical
location of the centers of pressure.

DISCUSSION OF RESUITS

Effectiveness of Isolated Vertical Tails

The results of the measurements of (CYB)t are presented in fig-

ure 6 as a function of the vertical-tail aspect ratio. The small amount
of scatter noted in cases where results for three tails of the same aspect
ratio are presented is considered to be within the experimental accuracy
of the results, when the large differences in tail areas are considered.
Although the differences between the results for o = 0° and o = 10°

are approximately of the same order as the scatter for a given aspect
ratio, the results for « = 10° are generally somewhet higher than those
for o = 0°, possibly because of the effects of the blunt root section.
Values of (CYB)t estimated in reference 5 (for « = 0°) and calculsted

by the use of a simple vortex system consisting of six horseshoe vortices
distributed over the vertical-tail span are included in figure 6 for the
purposes of comparison.

In subsequent parts of the paper where the isolated vertical-tail
results are used as a basis for obteining ratios of interference effects,
the measured isolated vertical-tail results for o = 0° are used
exclusively.
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Effectiveness of Vertical Tall Plus Mutual Interference of
Fuselage and Vertical Tail

The force-test results for the complete model (fuselage plus vertical
tail) minus the results for the fuselage alone were used to obtain
QCYB)t_ml_[_AQf which is plotted in figure T a8 a function of the ratio of

the vertical-teil span to the fuselage diemeter %%, which was shown in

references 2 and > to be an important parameter. The fuselage diameter is
line of the vertical tail. The derivatives sre based on the individual
tail aresas,

Faired curves were drawn through the data in figure T for each
vertical-tall aspect ratio considered; the curves show thet the magnitude
of increases with increasing aspect ratio and decreases as

(CYB)t+Aq+A2 & asp

the ratio of tail span to fuselage diameter increases. For the cases in
which a given vertical tail is mounted at a constant fuselage diameter

<constant -3%) on each of the three fuselages, the points are well grouped

and show little variation with fuselage fineness ratio. Figure 8 shows
. = Q0
the variation of (CYB)t+A1+A2 with fuselage length for the o = 0° points

presented in figure 7 which have constant velues of %?. The varlations

with fuselage length show no consistent trends, a condition which is
typical of the results at o = 10° also, and the veriations are rela-
tively small. Thus, the fuselage length and the longltudinal position

of the vertical tsgil on the fuselage appear to be secondary parameters in
Influencing the vertical-tail effectiveness and the fuselage end vertical-
tail interference effects.

The results presented in figure 7 for « =0° eand o = 10° are very
gimilar, with the exception that, for the vertical talls of higher aspect
ratio, the results for a« = 10° are slightly smeller in magnitude in the

b _
low range of T% than those for a = 0°,

The magnitude of the combined mutual interference effects of the
fuselage—vertical-tail combination (C can be found by sub-
g (°Yp)agen, .
tracting (CYB " (presented in teble II and discussed in the preceding

section) from the results of figure 7. The combined interference effects
mey be a significant part of the total tall effectiveness, ranging from
about 0 to 100 percent of the tail-alone effectiveness, the interference
effects increasing ass the tail aspect ratio.increases and as the ratio of
tail span to fuselage diameter decreases.
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Interference of Fuselage on Vertical Tail

The results of the strain-gage measurements of (CYB)t+A1 are shown

in figure 9. The results are presented with as a function of

(CYB)t+A1

the ratio of tail span to fuselage diameter %%. Faired curves were drawn

through the data and show that the magnitude of (CYB)t+A more nearly
1

gpproximates the isolsted vertical-tail values for each aspect ratio as

b
1% increases. The values for « = 10° are slightly smaller than those

b
for o = 0° in the low range of E%’ a difference which indicates that

in this range the vertical-tall—Tfuselage combination decreases slightly
in effectiveness as the angle of attack increases.

The differences between the faired curves of (CY ) (fig. 9)
B/t+Ay

and the results for the isolated vertical tails (fig. 6) gave the inter-
ference effects of the fuselage on the vertical tail (CYB)A . The
1

values of (CYB for the renge of vertical-tail aspect ratios con-

)Al
sidered are presented in figure 10(a) for a = 0° and a = 10°. The
values of (CYB)A1 show the previously observed trend of an increase in

magnitude with increase in aspect ratio and a decrease in magnitude with
increase in the ratio of span to dismeter. The values for o = 10° are
somewhat smeller in magnitude than those for a = 0°.

In order to compare the magnitude of (CYB)A. with the magnitude of
1

Cy

the isolasted vertical-tail results, plots of (C B)A are presented in
(“%p)s

figure 10(b)}. As can be seen, the interference effects result in an

increase in (CYB)t which may constitute a large part of the isolated

vertical-taill effectiveness, depending on the vertical-tail aspect ratio

bt .
and —. The ratio of C to C is shown to decrease for the
D ( g )Al ( Yp)s

tail of aspect ratio 4.0, a result which indicates thet there is probably
an aspect ratio between 2.81 and 4.0 for which the magnitude of the
fuselage interference is a maximum.
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Interference of Vertical Tall on Fuselage

The difference between the measurements of (CYB)th +p and
1

(CYB)t+A was used to obtain measurements of the interference of the
1

vertical tail on the fuselage (CYB) The velues of (CYB)AQ for the

Ag'
renge of aspect ratio considered are presented in figure 11(a). The
results for a = 0° show a trend of increasing effectiveness with

increasing aspect ratio and decreasing %%, except that the results for

the tail of aspect ratioc 4.0 fall below the results for some of the tails
of lower aspect ratio. The results for o = 10° show this same trend of
increasing interference effect with increasing sspect ratic. The magni-
tudes of the interference effects are somewhat similer for large values
of the span-to-diameter ratio for all aspect ratios and for both angles

of attack.

A significant result to be noted from these figures is that the
interference of the vertical tail on the fuselage is comparable in magni-
tude to the fuselage interference on the tall, a condition which indicates
thet the induced loading carried by the fuselage in a vertical-tail—
fuselage combination is an important consideration. The induced loading
on the fuselage can spparently be as large as, or larger than, the
induced loading on the vertical tail.

In order to compare the magnitude of the vertical-tail interference
on the fuselage with the magnitude of the isolated vertical-tall effec-
tiveness, the ratio of (CYB)AQ to (CYB)t is plotted in figure 11(b).

For o = 0%, the magnitude of the ratio of (CYB)AQ to (CYB)t increases
with vertical-tall aspect ratio untll at some aspect ratio between 2.81
bt

and 4.0 it reaches a maximum value for each 7;. A comparison of fig-

Cy
ure 10(b) and figure 11{b) illustrates that gz_ﬁlég is, in general,
Y
(°va)s

, CY
comparable in masgnitude to ﬁ——Ezéi for comparable values of vertical-

(°p)e

tail aspect ratio and ratio of teil span to fuselage diameter.
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Longitudinal Position of Center of Pressure

of Combined lLoading

Zte

In figure 12 are shown plots of effective tail lengths o and geo-
1
metric tail lengths %& for a =0° and « = 10°. In order to find 53

for o = 10°, the tail vertical center-of-pressure location was assumed
to be at the tail semispan %; along the quarter-chord line. Figure 12
shows that, except for some of the tails with smell values of %% and

relatively long tail lengths, the effective tail lengths are nearly equal
to the horizontal distances from the center of gravity to the tail
quarter-chord line, Thus, in general, the combined loading (CYB)tﬁﬁl+A2

appears to be centered in the vicinity of the vertical-tail gquarter-chord
line. 7Tn particular, these results indicate that the induced loading on
the fuselage (CYﬁ)AQ is probably centered 1n the vicinity of the

verticael-tail quarter-chord line.

Vertical Iocation of the Center of Pressure

Vertical-tail loading.- The strain-gage measurements of the Fforces
and moments on the vertical talls were used to find the center of pres-
sure of the vertical-tail loading (Cy ) . The results are plotted

B ‘b+Al

In figure 13 as vertical center-of-pressure position sbove the vertical-
tail root, for o = 0° and « = 10°. For the tails with large values

of %% the center of pressure is at approximstely 45 percent of the tail

span above the tail root for both « = 0° and « = 10°, and the center

bt

of pressure moves downward as T decreases, a result which indicates

that a large part of the load is carried in the vicinity of the tail root
on the tails with low values of %F.

Combined loading.- The vertical center-of-pressure locations for the
combined loading (CYB)t+A ap are plotted in figure 1h, agein in percent
17 .

tall span above or below the vertical-tail root. A curve which represents
the fuselage center line is included. A comparison of the data presented
in figures 13 and 1L indicates that the .induced effects of the vertical
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tall on the fuselage cause the combined loading (CY ) to be
B/ t+A+0n
centered nearer the fuselage center line than was the vertical-tail .
loading (CYB)tﬁA « The center of pressure for the combined loading for
1

b
the tails with large values of E% is about 30 to 35 percent of the tail

span above the tail root; whereas for tails with smaller values of %}

the loading is centered nearer the fuselage. For the tails with the
smallest values of %% the loading is centered on the top half of the

b
fuselage itself. Thus, for the tails with large values of EF’ the fuse-
lage loading (CYB)AQ is & small percentage of the comblined loading;

' b
whereas for the tails with smell values of 7% the loading on the fuse-

lage becomes an important part of the combined loading (see fig. 11), =
condition which causes the center of pressure to be near the tail root
or perhaps even below the tail root.

Comparison With Some Theoretical Calculations

In view of the fact that the fuselage interference on the vertical
tail appears to be only slightly dependent upon the fuselage fineness
ratio, some calculations were made to determine the interference effects
of infinitely long circulasr cylinders on adjacent lifting surfaces. The
method used in the calculations is similar to that used in reference 6
for calculating wing-fuselage interference effects, except that in the
present calculations no corrections are made for finite body length oxr
for rigorously satisfying the fuselage boundary conditions. In the pres-
ent calculations, the vertical talls are represented by a horseshoe vortex
system with images situated inside the cylinder at the proper positions.
The veloclties induced at the three-quarter-chord points of the vertical -
tail by the vortex system and the image vortex system are set egual to ' '
the velocity distribution on the vertical tail due to sideslip angle and
the influence of the fuselage. Solution of the set of simultaneous
equetions gives the vortex strengths and thus the forces on the vertical
tails.

The results of the calculations are presented in figure 15 along
with the corresponding experimentel results from flgure 3. In general,
these calculations appear to provide a good estimation of the increase
in effectiveness of the vertical tail due to the presence of the fuselage
for the configurations considered. _ .-

——
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CONCIUSIONS

Tests made in sideslip on three circular-arc-fuselage and nine
vertical-tail models to determine mutual interference effects between
fuselages and vertical tails have resulted in the following contlusions:

1. The mutual interference effects, and thus the vertical-tail
effectiveness in producing directional stability, appear to be mainly
dependent upon the ratio of the vertical-tail span to the fuselage diam-
eter at the position of the vertical tail and on the vertical-tail aspect
ratio and to be relatively independent of fuselage fineness ratio.

2. The increase in vertical-tail effectiveness due to interference
is largest for smell values of the ratioc of the vertical-tall span to
the fuselage diameter and decreases as this ratio increases. The inter-
ference effect in general increases with increase in vertical-tail aspect
ratio.

3. The mesgnitude of the induced loading on the fuselage is compsarable
to that of the corresponding induced loading on the vertical tail.

4. The interference effects of the vertical tail and the fuselage
on one gnother may result in a tail effectiveness of the tail-fuselage
combination which is different from that of the tail alone, the differ-
ence being an increase of 0 to 100 percent of the tail-alone effective-
ness for the configurations tested.

5. The vertical center-of-pressure calculations indicate that as the
ratio of the span to the diameter decreases, the fuselsge loading becomes
proportionally more important and the center of pressure moves downward
toward the tail root or the fuselage center line. The longitudinsal
center of pressure is located in the vicinity of the tall quarter-chord
line.

6. Some theoretical calculations of the interference effect of a
cylindrical body on edjacent lifting surfaces gave good agreement with
the corresponding measured values for the verticsl-tail plan forms
considered.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., November 2, 1953.
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GEOMETRIC CHARACTERISTICS OF VERTICAL TATIS

TABLE T

13

Vertical tatl | 2% | aspect ratio 2zei;. foot chords | meper ratio
Vi 16 2.0 128 10.0 0.6
Vo 8 1.0 64 10.0 .6
V3 L .5 32 10.0 .6
vy, 16 2.81 91 7.1 .6
V5 11.3 2.0 6k 7.1 .6
Vg 5.66 1.0 32 7.1 .6
Ve 16 k.o 64 5.0 .6
Vg 8 2.0 32 5.0 .6
Vg L 1.0 16 5.0 .6
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TABLE IT
IATERAI-FORCE DERIVATIVES OF VERTICAL TAILS ALONE AND
VERTICAL TAILS PLUS INTERFERENCE EFFECTS ON

TATLS - STRATIN-GAGE RESULTS

(CYB)t+Al

Vertical tail|.%’ (CYB)t

aeg Fy F1 Fo Fp F3
forward |rearward} forward | rearward

vy 0]0.0465] 0.0577| 0.0492 | 0.0514} 0.0500 | 0.0527
10f .0495 L0548 .oko8 .0k90 .0k75 .0kgo

Vo 0] .0326| .0384| .0333 .0386} .0350 .0368
10} .0382) .0391| .03k4k L0364} .o3k2 .0349

v o} .0212f .0263| .0223 L0251} .0238 .0258
3 10f .0268} .02531 .0195 .0228] .0213 .0231
vy, of .0567| .0693| .0617 L0666} .0639 .0673
10} .0582| .0670}% .061k .0645) 0609 L0644

Vs o| .ok77}] .0622) .0532 .0586} .0595 .0592
10{ .0511} .0615| .05Lk .0560f .0575 .0566

Vg o} .0351f .0463| .0387 LOoL6L} .oh1i .0kk5
10} .0363f .0429} .0373 L0427} .0397 L0417

v 0o} .0666} .0807} .0730 .0794} .oTL8 L0764
7 10} .0660} .o75k| .0691 | .otest .0687 | .o7so
Vg of .oko7| .06881 .0591 L0665} .0638 .0662
10t .0508} .o6k1| .0570 L0635} .0591 .0622

v Of .03581 .0522| .0k4o5 .0Lo6} .0L86 .0h62
9 10} .0397) .ob7h| .0350 | .ou3s) .ok3z | .oki
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STABILITY-DERIVATIVE DATA FOR COMPIETE MODEL AND

TABLE IIT

FUSEILAGE AIONE - BALANCE-SYSTEM MEASUREMENTS

[Coefficients based on Sy = 2.25 sq £t end by = 3.0 r]

S St b St by
tg¢ 2t 2t g —— 0
Y g
Configuration Sv B Sy by B Se Pw B
a=0%a=1209 a=0°a=10° a=0° a=10°
F,, forward position
F; alone |-0.0035}-0.0030 [-0.00171{-0.00179]0.00020|0.0001%
F1+Vp -.0292} -.0281| .00873| .00976}-.00446]-.00260
Fi.+ WV -.0131} -.0130 | .00223| .00276}-.0007k}] .00019
F1 + V3 -.0075{ -.0073 | .00001{ .00019{ .00013} .00051
Fi + V) -.0248 | -.024k7| .00782} .00808|-.00Lk64]-.00231
F1+ V5 -.0179| -.0176 | .ook48} .00489|-.00169}-.00052
F, + Vg -.0099] -.0093 | .00110| .00132{-.0001%| .000k8
Fi + Vo -.0211| -.6201 | .00646| .00626(-.0032%{-.001T0
F1 + Vg -.0120| -.0107 | .00188} .00223}-.00120}-.00107
F1 + Vg -.0071{ -.0069 | .00005| .00003} .00019} .000k4O
F1, rearward position

F1 alone {-0.0035 |-0.0030 {-0.00171 }-0.00179]0.00020}0.00014
Fi+Vy -.02k8 1 -.0245 | .01150 | .01225|-.00393(-.00128
Fy + Vo -.0103} -.0100 | .00309| .00321}-.000%41| .00055
Fp + V3 -.0054 | -,0050 | -.00021 } -.00009| .00029| .00051
Fi + Vy -.0225 | -.0216 | .01010{ .01067{-.00330}-.00120
Fp + Vs -.0150 | -.0146 | .005T2| .00622}-.00126] .00010
Fi1 + Vg -.0076 | -.0079 | .00090| .001LkO} .00005 |-.00056
Fp + Vo -.0183 | -.0178 | .00794} .00819}-.0025k]-.00085
F1 + Vg -.0093 | -.0093 | .00247| .00230]-.00026} .000k46
Fj + Vg -.0058 | -.00%9 {0 -.00018| .00025] .00048

15
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TABLE III.-~ Continued

NACA TN 3135

STABILITY-DERIVATIVE DATA FOR COMPLETE MODEL AND

FUSELIAGE AIONE - BATANCE-SYSTEM MEASUREMENTS

[boefficients based on Sy = 2.25 8q £t and by = 3.0 fﬂ

8¢ ¢ St by o 8 bt ¢
Configuration S g Sw by IB Sw by ‘B
@=0%a=10°}a=0°|a=10 [a=0°|c=10°
Fp, forward position
Fp alone |[-0.0020f-0.0025 }-0.00111}-0.00109]0.00013|0.00015
Fo + Vq -.0259} -.0249} .0058T| .006LL}-.00496]-.00336
Fo + Vo -.0122| -.0122} .00163{ .00182|-.00082]-,00019
Fp + V3 -.0058 -.0063 | .00003| .00003} .00005| .00029
Fo + Vi -.02k2] -.0231| .00520] .00572|-.00Lk1}-.00289
Fp + V5 -.0173} -.0155] .00297f .00339}-.0019%|-.00098
Fp + Vg -.0080} -.0082| .00056f .00063)-.00019| .00011l
Fp + Vq -.0195] -.0198} .ook22] ,00449]-.00346-.0021k
Fs + Vg -.0100{ -.00991 .00122} .00131}-.00100}-.00099
Fp + Vg -.0058] -.0059 |0 .00012} .00010| .00029
Fo, rearward position

Fp alone {-0.0020}-0.0025 |-0.00111}-0.00109}0.00013{0.00015
Fp + Vp -.0243] -.0239 | .00658f .00713}-.00445}-.00257
Fo + Vo -.0112| -.0112| .00164} .00209}-.00066{0
Fp + V3 -.0060( -.0055| .00002| .00002} .00011} .00039
Fo + Vi -.0223] -.0217}| .00584§ .00642}-,00391}-.00242
Fp + Vs -.0150f -.0139} .00340} .00372}-.00165|-.00073
Fo + Vg -.0076] -.0080{ .00080} .00082|-.00012| .00020
Fp + Vg -.0183} -.0179| .00493} .00512{-.0031k4}{-.00187
Fp + Vg -.0097f -.0091} .00161] .00163]-.00050}-.0000k
Fp + Vg -.0059] -.0052}0 0 .00010| .00030
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TABLE IIT.- Concluded
STABILITY-DERIVATIVE DATA FOR COMPLETE MODEL AND
FUSEILAGE AIONE - BALANCE-SYSTEM MEASUREMENTS

[Coefficients based on Sy = 2.25 sq £t and by = 3.0 ft]

5t ¢ St bt ¢ 5t bt o

. =0

Configuration Svr YB Sy by B Sv by B
@ = 0%a = 10° o =0°}a=10°] a=0%a = 10°

F3
F3 alone [-0.0019[-0.0013}-0.00080-0.00080f0.00010}0.00022
F3 + Vy -.0259| -.0239| .ook24| .0OLT3|-.0045T]-.00358
F3 + Vp -.0126} -.0120| ,00100f{ .00136{-.00082{-.000k2
F3 + W3 -.0060} -.0062] 0 0 0 .00016
F3 + 7V -.0239f -.0223} .00375| .00426]-.00421}-.00311
F3 + V5 -.0166| -.0153| .00220| .00244-.00182}-.00122
F3 + Vg -.0079| -.0083§ .00051f .00059-.00032}0

F3 + Vg -.0198| -.0181{ .00319} .00338f-.00347]-.00239
F3 + Vg -.0106} -.009T7| .00093| .00111|-.00066]-.00032
F3 + Vg -.0055] -.0050} 0 0 0 .00015
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Figure 1.- The stability system of axes. Arrows indicate positive
directions of forces, moments, and angles.
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Figure 5.- Vertical-tall mounting for determining isolated-vertical~tail
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Figure 6.- Measured and estimated values of lateral-force derivatives for
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Figure T7.- Iateral-force derivatives for vertical tails plus mutusl
interference effects on the tail-fuselage combination.



NACA TN 3135

oy O0N0o
on<dodNgaoe

- =~==-=—— [soloted vertical-foil results

3

\L\—\G

R~ A=28/

A=20
i
D>
S

4205\

10

(b) « = 10°.

Figure 7.- Concluded.
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(b) Ratio of lateral-force-derivative increment to
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Figure 10.- Interference effect of fugelsge on vertical tail.
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Figure 11.- Interference effect of vertical tail on fuselage.
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Figure 12.- Effective tail lengths compared with geometric tail lengths.
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Figure 15.- Results of lateral-force-derivative ca.lculations compared
with experimental results. o = o°.
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